Introduction {#Sec1}
============

Aging is a major risk factor for the higher incidence and prevalence of chronic conditions, such as cardiovascular diseases, metabolic diseases, and neurodegenerative diseases. Chronic systemic sterile inflammation is crucially involved with the etiology and progression of these conditions \[[@CR1]\]. Several features of premature aging have been reported in young adults or adults with these chronic conditions (Fig. [1](#Fig1){ref-type="fig"}). In the elderly, these conditions are often presented with multimorbidity and may finally lead to organ failure and death. With the advance of immunosenescence (aging of the immune system), older adults also become more susceptible to infectious diseases and cancer. Elderly population is at increased risk for developing and dying from influenza and coronavirus disease 2019 (COVID-19). Of note, the adults with chronic (inflammatory) conditions are the ones with heightened risk for developing severe COVID-19 and dying \[[@CR2]\]. Therefore, there is an interplay between immunosenescence and age-related diseases. In this way, it is important to intervene more quickly and multidimensionally with novel preventive and therapeutic approaches. The study of immunosenescence can bring viable solutions for the prevention and treatment of these diseases as well as to increase the healthspan of elderly populations.Fig. 1Multiple mechanisms of accelerated aging are similarly found in age-related diseases. Abbreviations: CMV, cytomegalovirus; SASP, senescence-associated secretory phenotype

First of all, it is important to differentiate acute from chronic inflammatory processes. Acute inflammation is a transient and useful process aiming the elimination of pathogens and tissue regeneration, orchestrated by cells of the innate immunity. It is a self-regulated process with alarm, leukocyte mobilization and resolution phases. But aging starts a chronic inflammatory process, known as "inflammaging" \[[@CR3]\], with persistent and non-resolved production of pro-inflammatory mediators (cytokines, chemokines, and acute phase proteins) that increases the risk for age-related morbidity and mortality. Some lifestyle factors, including smoking, obesity, and lack of exercise, are known to be associated with persistent inflammation. Although there are many sources of inflammaging, some evidence indicates the presence of overt infections during life to fuel inflammaging \[[@CR4]\]. Age-related intrinsic factors may also contribute to the inflammaging. When cells reach senescence, they produce cytokines, chemokines, growth factors, proteases, and angiogenic factors that characterize a senescence-associated secretory phenotype (SASP) \[[@CR5]\]. As senescent cells accumulate during aging, SASP may also contribute to inflammaging. Inflammaging can be therefore interpreted as the complex result of the interplay between SASP, lifestyle factors, and of dysregulated innate immune cell functions with aging.

In this review, we will discuss how the aging immune system may contribute to the development and clinical course of age-related (chronic) diseases such as neurodegenerative diseases, rheumatoid arthritis, cancer, cardiovascular, and metabolic diseases.

Neurodegenerative diseases {#Sec2}
--------------------------

Immunosenescence (of note inflammaging) has been repeatedly implicated with cognitive processes and neurodegenerative diseases. The most common age-related neurodegenerative diseases include Alzheimer's disease (AD) and Parkinson's disease (PD).

Inflammatory mechanisms (inflammaging) have been implicated to cognitive decline and dementia during aging. Peripheral inflammatory mediators, especially C-reactive protein (CRP), have been largely related to cognitive impairment in the elderly \[[@CR6]\]. Also, the presence of high plasma CRP levels can predict, in 12 years, future memory impairments \[[@CR7]\]. In addition to the contribution to cognitive impairments in non-pathological conditions, the presence of CRP is related to the formation of β-amyloid plaques in AD, as well as increased plasma levels are observed in individuals with PD whose mental faculties are reduced \[[@CR8]\]. A cohort study involving 873 non-demented elderly (70--90 years) found that elevated levels of TNFα, IL-1β, IL-6, IL-10, and IL-12 were associated with poorer cognitive performance---adjusting for age, sex, education, and obesity \[[@CR9]\]. In a 5-year prospective observational study with participants with metabolic syndrome and high inflammation (i.e., CRP and IL-6 levels), they were more likely than those without metabolic syndrome to develop cognitive impairment. Interestingly, subjects with metabolic syndrome but low inflammation did not have an increased likelihood of cognitive impairment, suggesting an important role for inflammation in metabolic syndrome-related cognitive impairment \[[@CR10]\]. The underlying mechanisms of inflammation-induced cognitive impairment are known. The excessive and/or prolonged release of pro-inflammatory cytokines in the CNS leads to reduced brain-derived neurotrophic factor (BDNF) levels, associated with neurogenesis, glutamatergic activation (excitotoxicity), oxidative stress, and induction of apoptosis \[[@CR11]\], which are all involved with cognitive decline. These are the main neuroinflammatory and neurodegenerative mechanisms involved in the development of dementia. Neuroinflammation is known to impair various brain functions, such as inhibition of hippocampal neurogenesis and impairing cognitive abilities \[[@CR12]\]. However, it should be noted that pro-inflammatory cytokines, under physiological conditions, are beneficial for providing trophic support to neurons and strengthening neurogenesis, contributing to cognitive function \[[@CR13]\].

Changes in T cell senescence have also been implicated with cognitive decline. Different stages of T cell differentiation can be determined based on the cell-surface expression of the costimulatory molecules CD27 and CD28: early-differentiated (CD27^+^CD28^+^), intermediate-differentiated (CD27^−^CD28^+^), and late-differentiated or aged T cells (CD27^−^CD28^−^). The CD28^−^ T cells have shortened telomeres and display differential features (cytotoxic, immunosupressive, or regulatory) in various conditions \[[@CR14]\]. Dramatic fluctuations in T cell subsets were identified in peripheral blood of AD patients: decreased percentages of naïve T cells, elevated memory cells, and great expansion in late-differentiated CD28^−^ T cells (in both CD4^+^ and CD8^+^ populations) as compared to healthy young or older adults \[[@CR15]\]. In non-pathological conditions, better cognitive performance was associated with lower numbers of effector memory CD4^+^ T cells and higher numbers of naive CD8^+^ T and B cells \[[@CR16]\]. A recent study performed mass cytometry of peripheral blood mononuclear cells of AD and discovered an immune signature that consists of increased numbers of CD8^+^ T effector memory CD45RA^+^ (T~EMRA~) cells \[[@CR17]\]. Interestingly, these cells were found in the brain adjacent to Aβ plaques and were found negatively associated with cognition. The CD8^+^ T~EMRA~ cells were clonally expanded to Epstein--Barr virus (EBV) antigens, although there is no causal link between EBV infectivity and AD. The mechanism by which senescent T cells regulate cognition is largely unknown, but there is some evidence that they may promote neuroinflammation. Senescent effector memory T cells were shown to activate microglia, endowing with pro-inflammatory features \[[@CR18]\]. Microglia participate in neuroprotection by clearing debris, suppressing inflammation, restoring blood-brain barrier (BBB) integrity and inducing cortical neurogenesis by stripping inhibitory synapses \[[@CR19]\]. It should be noted, however, that some T cells are necessary to maintain cognition. Indeed, mice deficient in T cells are cognitively impaired, and repopulation with T cells from wild-type donors can reverse this defect \[[@CR20]\]. Further studies are necessary to better understand the interplay between senescent T cell subsets, their specific cytokine profiles, and cognitive performance.

In addition, older adults identified with immune deficits and accelerated immunosenescence had poor cognition. In studies with European 80+ older adults, an immunological risk profile (IRP) was identified and characterized by a CD4:CD8 ratio of less than 1, expansion of late-differentiated T cells (CD28^−^), and increased CMV serology. In healthy adults, the CD4:CD8 ratio is around 2:1 \[[@CR21]\], and the inversion of this index has been associated with early immunosenescence. The IRP+ older adults had higher mortality rates, which was greatly increased if the elderly person was both IRP+ and cognitively impaired \[[@CR22]\]. Therefore, it appears that changes in immunosenescence and cognition have a synergistic effect that impacts the life expectancy of the elderly. In a previous cohort study with 362 healthy older adults (mean age 69 years), we identified a subgroup (16%) IRP+ \[[@CR23]\]. This subgroup was identified with cognitive impairment, more functional dependence, and an elevated IgG serology for cytomegalovirus (CMV), another feature of immunosenescence. Together, these data indicate that changes in the peripheral innate and adaptive immune responses are related to cognition in both health and pathological conditions.

Rheumatoid arthritis {#Sec3}
--------------------

Rheumatoid arthritis (RA) is a chronic inflammatory disease, associated with symmetrical and destructive inflammation in joints and other tissues. It affects 1% of the world's population and is more frequent in women than in men (3:1 F/M ratio) \[[@CR24]\]. Aging is associated with increased incidence of autoimmune diseases. For example, the incidence of RA significantly increases with aging, going from 7.3/100,000 in the 18--34 years age group to 107.3/100,000 in the 75--84 years age group \[[@CR25]\]. Furthermore, RA has been considered a model of premature senescence because as the disease progresses, there is a higher prevalence of age-related diseases. The most frequent comorbidities observed in RA may include cancer, cardiovascular disease, lung disease, osteoporosis, and neuropsychiatric disorders \[[@CR26]\]. Immunosenescence may have a special importance on the development of these co-morbidities, as they are all immune-mediated conditions.

Several features of premature immunosenescence have been observed in RA. These alterations include decreased thymic functionality, expansion of late-differentiated effector T cells, increased telomeric attrition, and increased production of pro-inflammatory cytokines (senescence-associated secretory phenotype) \[[@CR27]\]. A significant expansion of late-differentiated T cells (CD4^+^CD28^−^ and CD8^+^CD28^−^) in RA was reported several years ago \[[@CR28], [@CR29]\], as similarly observed during healthy aging \[[@CR30]\]. Interestingly, RA patients with manifested extra-articular manifestations, had increased frequencies of these aged T cells \[[@CR31]\]. The subset of CD28^−^ T cells includes terminally differentiated memory cells re-expressing CD45RA (T~EMRA~), which may contribute to inflammaging and further aggravate RA by increased production of TNFα, IL-1β, IL-6, and interferon (IFN)γ under stimulation \[[@CR32]\]. Furthermore, RA is also associated with accumulation of other senescent cells, including senescent synovial fibroblasts (p16INK4a+) that display an enhanced inflammatory phenotype \[[@CR33]\]. More than just epiphonema, these changes have been implicated in poor disease outcomes.

The expansion of late-differentiated or aged CD28^−^ T cells was linked with disease severity in RA \[[@CR34]\]. Indeed, the aged CD4^+^ T cells were associated with worsening of inflammatory responses due to their strong capacity of Th1-type cytokine production \[[@CR35]\]. The expansion of CD28^−^ T cell was particularly observed in patients with extra-articular manifestations \[[@CR31]\]. Treatment with anti-TNF was capable of significantly reducing CD8^+^CD28^−^ T cells (but not CD4^+^CD28^−^ T cells), and it was associated with better clinical response, as assessed by DAS28 scoring and CRP \[[@CR36]\].

The RA progression has been linked with the development of age-related co-morbidities, including cardiovascular diseases, osteoporosis, and cognitive impairment. Patients with RA are at greater risk of developing cardiovascular complications \[[@CR37]\]. The risk rates for developing myocardial infarction and coronary artery disease is two to three times higher in RA and can be observed even in the early stages of the disease. Changes in the cellular composition in the heart as well as in the atherosclerotic plaque may contribute to the early onset and progression of cardiovascular diseases. Previous studies have linked the expansion of senescent T cells with cardiovascular disease. Interestingly, the high numbers of CD4^+^CD28^−^ T cells have been described in subjects with angina, myocardial infarction, acute coronary syndrome, abdominal aortic aneurysms, and, chronic heart failure \[[@CR38]--[@CR40]\]. Increased telomeric erosion was associated to the development of atherosclerotic plaque and cardiovascular disease in RA \[[@CR41]\]. In addition, the telomere shortening was associated with increased autoreactivity to self-antigens and loss of immunological tolerance, indicating a potential age-related risk factor for the development of RA \[[@CR42]\].

The early development of cognitive impairment in RA is another shared characteristic with aging. RA patients are indeed cognitively impaired in several cognitive dimensions when compared with controls, including deficits in attention and working memory, processing speed and executive functions, inhibitory functions, and verbal declarative memory \[[@CR29], [@CR43]\]. On average, patients with RA have cognitive performance reduced in 50% as compared with age-matched healthy controls. Of note, patients with active disease had worsened cognitive performance as compared with those in remission \[[@CR43]\]. Several mechanisms are potentially underlying the cognitive dysfunction in RA. Persistent inflammation could be a mechanism, which is known to be involved with cognitive decline during healthy aging \[[@CR7], [@CR9]\]. The expansion of senescent cells constitutes another potential mechanism of cognitive dysfunction reported in RA. Indeed, we have shown that expansion of late-differentiated CD8^+^CD28^−^ T cells was negatively correlated with the memory functions of RA patients \[[@CR29]\]. In contrast, patients with higher numbers of memory T cells (CD45RO^+^) had better cognitive functions. Another potential immune-related mechanism for impaired cognition in RA involves the production of autoantibodies targeting brain antigens. During healthy aging, there is an increase in the levels of circulating autoantibodies, and this can be prematurely observed in RA. Of note, we have shown RA patients in remission had increased levels of autoantibodies specific for brain antigens, and this was inversely correlated with cognitive performance \[[@CR44]\]. Therefore, the cognitive impairment in RA could also be explained by the detrimental action of CNS autoantibodies, as suggested by CNS demyelination observed in some RA patients \[[@CR45]\]. More studies are necessary to investigate to what extent these autoantibodies are related to premature senescence in RA.

In summary, the immunosenescence may contribute to the aggravation of both articular and extra-articular manifestations in RA. Chronic inflammation may be fueling the generation of senescent T cells with pathogenic features, and novel therapeutic strategies aimed to limit senescent cells may be of great value in RA.

Cancer {#Sec4}
------

Age is a major risk factor for solid cancers until the 9th decade of life. The incidence and mortality of cancer decrease dramatically after age 90 and is nearly absent in centenarians \[[@CR46]\]. Several factors are involved with age-related increase in carcinogenesis, including the accumulation of senescent cells, inflammaging, and immunosenescence change associated with poor immune surveillance.

The concept of immunosurveillance was first proposed by Sir Frank MacFarlane Burnet in the 1950s, suggesting that immune efficacy may decrease during aging. Immunosurveillance includes the notion that cells of the immune system constantly supervises and control defective and senescent cells, avoiding development of cancerous cells. To date, it is widely known that the immune system can recognize and destroy the precursors of cancer \[[@CR47]\], and this is largely mediated by cytotoxic CD8^+^ T and NK cells. However, recent advances have added an extension of this initial concept, in which the immune system not only acts to eliminate malignant cells but also in the selection of less immunogenic subclones. Immune cells may thus interact with the tumor cell not only in its formation but also in its progression, mainly through evasion mechanisms acquired by evading subclones---this process is known as immunoediting \[[@CR48]\]. Cancer immunoediting includes three phases (elimination, equilibrium, and tumor escape) and are all affected by immunosenescence.

Deficits in cell-mediated immunity are largely involved with poor cancer immunosurveillance during aging. An efficient immunosurveillance is reached when cancer cells are fully eliminated before tumor formation. The cell-mediated mechanisms involved with efficient tumor control are complex but include effector actions of CD8^+^ and CD4^+^ T cells, NK, NK T, macrophages, dendritic cells (DCs), and secreted cytokines (such as IFNγ) \[[@CR49]\]. Aging compromises both innate and adaptative immune responses, contributing to tumorigenesis and cancer progression. These immunosenescent changes include impaired cellular signaling (e.g., TLR and TCR signal transduction), blunted functional aspects (e.g., impaired cell proliferation, phagocytosis, and cytotoxic function), and various numerical changes involving T cell subsets \[[@CR50]\]. There is an accumulation of highly differentiated T cells in cancer \[[@CR51]\]. We have shown recently that women recently diagnosed with breast cancer had increased numbers of senescent T cells (CD27^−^CD28^−^) in parallel with a reduction of recent differentiated T cells (CD27^+^CD28^+^) \[[@CR52]\]. The expansion of CD8^+^CD28^−^ T cells has been observed in women with breast cancer during chemotherapy \[[@CR53]\] and in lung cancer \[[@CR54]\]. Also, the expansion of CD8^+^CD28^−^ T cells in cancer patients was associated with the staging of cancer and low treatment response, probably because some immunotherapeutic interventions require the presence of these co-stimulatory molecules (i.e., CD28). The expansion of senescent cells may thus lead to an inefficient antitumor response \[[@CR53], [@CR55]\]. The T cell receptor (TCR) repertoire is significantly reduced during aging, particularly following 65 years of age and may limit the number of specific T cells targeting cancer antigens. Aging also leads to accumulation of cells with suppressor actions, characterized by the increased frequencies of regulatory T cells (Treg: CD4^+^CD25^+^FoxP3^+^) and myeloid-derived suppressor cells (MDSCs) \[[@CR56]\]. These cells may inhibit the generation of antitumor responses by several mechanisms, including the secretion of cytokines (e.g., IL-10, TGFβ).

Inflammaging may also be implicated with higher incidence of cancer during aging. The inflammatory environment seems to favor the development of cancer through initiation, promotion, and progression of tumors. In addition, the aged microenvironment, of note within the tumor microenvironment, plays a key role in reprogramming tumor cells towards a SASP \[[@CR57]\]. Although several chemotherapy therapies induce senescence in cancer, SASP can contribute negatively to cancer therapy. SASP has tumorigenic effects such as the increase in malignant phenotypes and tumor induction \[[@CR5]\]. The chronic inflammation may facilitate carcinogenesis by inducing genetic mutations or via epigenetic mechanisms. It may also promote cancer progression and metastasis, by impairing T cell activation and expanding Tregs and MDSCs \[[@CR56]\]. In addition, persistent chronic infections, such as the cytomegalovirus (CMV), have been associated with accelerated immunosenescence (of note in T cells and inflammaging) and could be another driving factor of poor cancer immunity \[[@CR58]\]. Thus, immune dysfunction in elderly people could be a concerning factor for anti-tumor responses. Also, the ineffective response to the presence of new antigens, like reduced repertoire of T cells available and reactivation of chronic latent infections, such as herpesvirus are related to immune aging on the neoplastic process \[[@CR59]\].

During progression of cancer, the tumor frequently induces a state of immunosuppression that favors the tumor escape. It is known that immunosuppressed individuals (e.g., therapeutic immunosuppression or HIV+ patients) have increased incidence of cancer, even though the malignant neoplasms observed in this population are different from those present in the older population \[[@CR60]\]. Escape from immunosurveillance may occur due to several reasons, including the generation of exhausted and senescent CD8^+^ T cells exhibiting more marked upregulation of PD-1, CTLA-4, LAG-3, and TIM-3, which are all known to suppress the activation of T cells \[[@CR61]\]. For example, PD-1 and its ligand (PD-L1) are targets for immunotherapy given the effectiveness of an antitumor response.

Cancer patients may have characteristics of premature cell aging. Premature cellular aging has been associated with poor clinical outcomes. Indeed, it was shown that cancer patients have shortened leukocyte telomeres \[[@CR62]\], particularly patients with more advanced tumors. Patients with colorectal cancer with reduced telomeric size in circulating leukocytes had shorter survival than those who do not \[[@CR63]\]. However, it is not clear whether these characteristics are present before the development of cancer or may appear as consequences of tumorigenesis.

Cardiovascular diseases {#Sec5}
-----------------------

Aging is the most important determinant for cardiovascular diseases (CVD) and the principal cause of death worldwide. In the last decades, there has been a significant improvement in CVD treatment that contributed to increased lifespan, and the number of older people is likely to double by 2050. In this regard, in a fast-changing demographics, the cardiovascular risk factors (tobacco use, unhealthy diet, obesity, physical inactivity, excessive alcohol consumption, hypertension, diabetes, and hyperlipidemia) are highly prevalent; it is urgent to fully understand molecular mechanisms involved with age-related conditions for better prevention and therapeutic treatment.

Cardiovascular diseases are classified as a group of heart and blood vessel disorders, associated with features of organismal aging, loss of homeostasis, with increased morbidity and mortality rates \[[@CR64]\]. Extensive evidence suggests that immunosenescence is associated with detrimental clinical outcomes (e.g., mortality, frailty, poor response to vaccination, etc.) \[[@CR65]\]. Of note, inflammaging is a major risk factor for all chronic diseases and geriatric syndromes including CVD \[[@CR66]\]. Elevated levels of pro-inflammatory cytokines contribute to the inflammaging process, augments the probability of endothelial damage, vascular remodeling impairment, atherosclerosis, and insulin resistance \[[@CR67], [@CR68]\]. The adverse effects of inflammaging are observed in frailty and hypertension \[[@CR69]\], suggesting that the inability to fine control systemic inflammation could be a marker of tissue dysfunction associated with pathological aging.

During cardiac stress, ischemic injury, hypertension, and metabolic syndrome, necrotic cells release high amounts of high-mobility group box 1 (HMGB1) and heat shock protein 60 (HSP 60). These damage-associated molecular patterns (DAMPs) are recognized by pattern recognition receptors (PRRs) expressed mainly by innate immune cells. As a result, tissue cells (mainly M1 macrophages) and non-immune cells secrete large amounts of pro-inflammatory cytokines for recruitment of phagocytic immune cells, clearance of apoptotic and pyroptotic cells and tissue renewal. Classical biomarkers of inflammation of the innate immune response, including CRP, IL-1β, IL-6, TNFα, and several cell adhesion molecules are similarly linked to the occurrence of myocardial infarction and stroke, in healthy and individuals with known coronary disease \[[@CR70]\]. Elevated secretion of TNFα, IL-6, and IL-1β from cardiomyocytes and peripheral tissues have been shown to play an important role in the pathogenesis and progression of myocardial dysfunction and plasma levels of these pro-inflammatory cytokines can predict the short- and long-term survival in patients with cardiac heart failure. Yet, persistent macromolecular damage is a hallmark of aging and a trigger of cellular senescence.

Considering that senescence is a physiological program also occurring during embryonic development and wound healing, the presence of senescent cells may be useful in some pathological conditions. For example, the presence of senescent cells in myocardial infarction, cardiac fibrosis, and atherosclerosis is beneficial as they may limit tissue fibrosis \[[@CR71]\]. In this sense, the clearance of TP53-positive senescent myofibroblasts through recruitment of inflammatory phagocytic cells, driven by SASP factors, reduces fibrosis and collagen matrix deposition. In a similar way, the atherosclerotic plaque formation is inhibited by senescent cells. Initially, endothelial dysfunction is associated with reduced nitric oxide (NO) production and augmented vascular permeability. Increased activity from macrophage-derived release of pro-inflammatory cytokines induce proliferation of vascular smooth muscle cells (VSMC) and accumulation of oxidized cholesterol-containing low-density lipoprotein (LDL) particles, trapped by foam cells in the vessel walls. Inflammation induces the accumulation of VSMC and endothelial senescent cells characterized by expression of P21, TP53, SA-βGAL. However, pre-clinical models with gain or loss of function of TP53 suggested that senescent cells may limit proliferation of VCMS and protect the organism from the development of atherosclerotic plaques \[[@CR72]\].

Anti-inflammatory M2 macrophages play an important role in tissue repair and remodeling for inflammation resolution. Recent evidence demonstrates yet a prevalence of pro-inflammatory M1 macrophages in the plaque atherosclerotic responsible for the acute coronary syndrome (ACS). Pro-atherosclerotic inflammatory cytokines (such as IL-6 and IL-12), as well as reactive oxygen (ROS) and nitrogen (RNS) species amplifies the oxidative stress present in the plaque. Increased levels of Th1 and Th17 and its cytokines, such as IL-17, IL-21, and IL-23, have been described in atherosclerotic carotid artery plaques. These findings are found to be associated with the progression of disease and plaque vulnerability \[[@CR17]\]. Intermediate senescent CD14^+^CD16^+^ monocytes are also present in the atherosclerotic plaques and express high levels of vascular adhesion molecules necessary for adhesion and diapedesis through endothelial cells \[[@CR73]\].

The involvement of macrophages in aging and chronic inflammatory diseases has been described as "macroph-aging" \[[@CR74]\]. This definition highlights a key role for the innate immune system, specially pro-inflammatory macrophages as contributors and intensifiers of premature aging and are present in chronic conditions such as CVD. However, accumulating evidence suggests that senescent T cells, mainly cytotoxic CD8^+^ T cells are also implicated in CVD pathogenesis.

In atherosclerosis and ACS, the CD8^+^CD28^−^ T cells were found to be expanded and constituted a risk factor for vascular dysfunction in a cohort of CMV-infected individuals \[[@CR75]\]. Many studies have reported the presence of senescent T cells (with shorter telomeres) in peripheral mononuclear cells (PBMCs) from patients with atherosclerosis \[[@CR76]\] and myocardial infarction \[[@CR77]\]. Although it is not possible to establish a causal effect, its accumulation suggests that the release of active mediators contribute to the pathophysiology of different age-related diseases.

Peripheral late-differentiated CD4^+^CD28^−^ T cells are present in acute coronary events \[[@CR39]\], and CD4^+^ effector memory T cells (CD3^+^CD4^+^CD45RA^−^CD45RO^+^CCR7^−^) were associated with atherosclerosis. The anti-inflammatory IL-10 might also be involved in the aging of the cardiovascular system, and high levels were found in hearts from healthy old mice and reduced atherosclerosis after Treg transfer. The involvement of IL-10 has been described in humans where low levels of IL-10 were associated with hard recovery after coronary artery bypass grafting \[[@CR78]\].

Metabolic diseases {#Sec6}
------------------

During the last decades, the prevalence of metabolic diseases such as type 2 diabetes (T2D), obesity, dyslipidemia, hepatic steatosis, and metabolic syndrome, has dramatically increased worldwide. This plethora of pathologies shows overlapping features with CVD and mortality. The systemic low-grade chronic inflammatory process presented in elderly individuals is a critical etiological component of physiological decline and risk factor for age-related diseases. Metabolic-driven inflammation, termed as metainflammation, is a major aspect of metabolic disorders which parallel resembles the same critical inflammatory process of aging \[[@CR79]\]. The metabolic imbalance associated with the expansion of adipose tissue, metabolic dysfunction, systemic inflammation, insulin resistance, atherosclerosis, genomic instability, and dysregulated cellular metabolism is closely associated with cellular processes of premature aging and naturally present in elderly individuals. This suggests that both aging and metabolic diseases are interconnected processes.

This scenario has gained considerable attention in the last decades, especially when considering metabolic disorders as models of accelerated aging \[[@CR66]\]. Inflammaging and metainflammation are present in T2D. One of the first mechanisms described to promote insulin resistance was the interference of insulin signaling driven by TNFα, establishing the first connection between metabolism and immune response \[[@CR80]\]. Since then, several studies have been performed to clarify the link between T2D and immunity. Since T2D is commonly presented in the elderly, it is expected that its immunological profile overlaps immunosenescence but not necessarily in a causal relation. However, since inflammation-driven T2D is observed at early ages, this provides evidence that T2D is a model of premature immunosenescence \[[@CR81]\].

A classical feature of immunosenescence presented in T2D is the decreased pool of CD4^+^ naïve T cells, concomitant with an increased pool of memory CD4^+^ T cells and effector CD4^+^ and CD8^+^ T cells. The heightened population of effector T cells is identified as the major producer of IFNγ and TNFα, enhancing the systemic pro-inflammatory status. Late-differentiated or senescent T cells (CD8^+^CD57^+^ and CD8^+^CD28^−^) have recently been demonstrated to predict the development of hyperglycemia in humans \[[@CR82]\]. Similar to CVD, T2D patients had a reduced T cell repertoire, related to the increased naïve/effector T cell ratio. However, both adaptive and innate immune compartment shows impaired function and activation in T2D. Komura et al. have demonstrated diminished phagocytic activity and TLR responsiveness in peripheral blood monocytes of diabetic patients, as well as higher susceptibility to apoptosis in culture \[[@CR83]\]. Those features were all correlated to increased markers of endoplasmic reticulum stress and related to poor glycemic control, a characteristic feature of this condition \[[@CR83]\].

Hyperglycemia has already been described as a trigger of pro-inflammatory cytokines in innate immune cells. Elevated levels of glycated hemoglobin (HbA1c) are correlated with decreased phagocytic activity of circulatory monocytes and neutrophils, which is restored in patients treated with metformin, a drug that ameliorates insulin sensitivity and controls glycemic levels \[[@CR84]\]. One of the proposed mechanisms of hyperglycemia-driven innate immune impairment is through over-activation of the Advanced Glycation End Products and Receptor for AGE (AGE-RAGE) pathway \[[@CR81]\].

Obesity presents itself as a serious health condition strongly associated with inflammaging and constitutes a model of accelerated aging \[[@CR85]\]. Adipose tissue dysfunction is implied as the central etiological component of obesity due to its role in metabolic homeostasis and high content of immune cells \[[@CR86]\]. In this regard, impaired function of the immune system has been demonstrated in murine models of obesity. Experimental models confirm decreased migration rates, super anion production, and phagocytic activity in peritoneal macrophages that predispose organisms to increased susceptibility to pathogens \[[@CR87]\]. Decreased chemotaxis of peritoneal lymphocytes and impaired proliferative and cytokine production in vitro stimulation, as well as increased oxidative stress markers in these cells has been observed \[[@CR87]\].

Recent data provides evidence that mediators in the plasma of obese individuals are likely to promote premature immunosenescence. Healthy PBMCs exposed to plasma from obese individuals showed an increase in the pool of late-differentiated CD8^+^CD28^−^ T cells with downregulation of CD28, a major aspect of T cell aging. Also, PBMC from obese individuals had shortened telomeres, indicating replicative senescence \[[@CR88], [@CR89]\].

The immunosenescent profile in obesity onset can also be demonstrated in early ages. Obese children (12 years) also have lower proportion of early CD4^+^ and CD8^+^ T cells and a higher proportion of effector memory and intermediate CD8^+^ T cells, as well as late and senescent CD4^+^ T cells. Attenuated alterations were found in overweight children (12 years), pointing out a correlation between increased body fat mass and the development of an immunosenescent profile \[[@CR90]\].

As described for CVD, obesity shows hallmarks of immunosenescence, diminished responsiveness to vaccines, and heightened susceptibility to infections \[[@CR91]\]. Paich et al. demonstrated impaired CD4^+^ and CD8^+^ T cell activation and function upon pH1N1 challenge in PBMC from post-vaccinated obese individuals, as a consequence of augmented frequencies of CD28^−^ T cell associated with diminished in vitro CD8^+^ T cell activation after H1N1 challenge 12 months post-vaccination and reduced serum antibody titer \[[@CR92]\].

It should be noted that adipose tissue has also been considered an endocrine organ. In addition to adipocytes, the vascular stromal fraction (VSF) is composed of a significant number of immune cells, mainly M2 macrophages, lymphocytes, and innate lymphoid cells (ILC2) that secrete Th2 cytokines, such as IL-4, IL-5, IL-10, IL-13, and IL-33, which are classically associated with an anti-inflammatory profile \[[@CR65], [@CR66]\]. Importantly, the adipose tissue is also made up of cells that do not belong to the immune system, such as mesenchymal stem cells (MSC) named for their location, stem cells derived from adipocytes (ADSC), endothelial cells, and fibroblasts, among others, in charge of producing extracellular matrix and spontaneous or induced cell regeneration under cell stress \[[@CR93]\]. In this context, adipose tissue produces and releases several bioactive molecules that impact the individual in a systemic way, such as the secretion of several hormones, cytokines, chemokines, adipokines, enzymes, and lipids and more recently discovered the secretion of microRNAs, which are associated with the regulation of the immune system and immunometabolism.

Obesity alters the composition, structure and function of adipose tissue cells. There is recruitment of up to 60% of macrophages (M1) and lymphocytes (Th1) from the periphery with a pro-inflammatory profile (TNFα, IL-1β, IL-6), extracellular matrix remodeling associated with fibrosis, insulin resistance, and metabolic dysfunction, characteristics of the obesogenic state. The ADCS isolated from adipose tissue of individuals with obesity have different functions from those present in eutrophic individuals, secretes large amounts of monocyte chemo-attracting protein 1 (MCP-1) responsible for the greater recruitment of macrophages \[[@CR94]\].

Obesity may also drive important immunosenescent changes in B cells. Frasca et al. have shown decreased in vitro antibody response to influenza on serum from obese individuals, associated with increased percentage of late/exhausted memory B cells---with high pro-inflammatory phenotype. Additionally, obese patients presented higher unstimulated B cell production of TNFα, resembling those presented in elderly individuals. These cells were negatively correlated with anti-influenza antibody after in vitro stimulation and were associated with higher basal TLR4 expression and increased pro-inflammatory cytokine production \[[@CR95]\]. The heightened pro-inflammatory B cell pool is implied as the main driver of T cell inflammatory profile in obesity and T2D. Inflammatory B cells are characterized by increased basal secretion of IL-6 and IFNγ concomitant with accentuated decreased secretion of IL-10, sustaining chronic low-grade inflammation. B cell-null (μMT) obese mice show improved insulin sensitivity and reduced pro-inflammatory T cell Th17/Th1 function, supporting the role of B cells on the inflammatory obesity state \[[@CR96]\]. Sustained elevated leptin levels due to adipose tissue endocrine dysregulation have recently been implied as a key factor driving B cell immunosenescence \[[@CR97]\]. Briefly, leptin is secreted by adipose tissue and presents a positive immunomodulatory function that became deleterious at high chronical levels. Comparable obesity leptin levels downregulate class switch and IgG production in vitro of B cells from eutrophic individuals to the same extent as observed in non-leptin-treated B cells from obese individuals. Such impairment is attributed to the upregulation of inflammatory markers in leptin-treated B cells \[[@CR97], [@CR98]\].

Conclusions {#Sec7}
===========

In the last decades, lifespan has increased rapidly (of note in developing countries) in parallel with increased incidence of age-related pathological conditions. Changes in innate and adaptive immune responses observed in healthy older adults are found to be anticipated in chronic inflammatory conditions (Table [1](#Tab1){ref-type="table"}). Classical alterations of immunosenescence include thymic involution, expansion of late-differentiated effector T cells, and increased levels of peripheral pro-inflammatory cytokines, known as inflammaging.Table 1Immunosenescence features shared by the most common age-related diseasesNeurodegenerative diseasesRheumatoid arthritisCancerCardiovascular diseasesMetabolic diseasesReferencesInnate immunity  Inflammaging✓✓✓✓✓\[[@CR8], [@CR25], [@CR57], [@CR66], [@CR79], [@CR99]\]  Expansion of M1 macrophages✓✓✓✓✓\[[@CR24], [@CR57], [@CR79], [@CR94], [@CR100], [@CR101]\]  Expansion of CD14^++^CD16^+^ monocytes✓✓✓✓\[[@CR73], [@CR102]--[@CR104]\]  Expansion of myeloid-derived suppressor cells✓✓✓\[[@CR105], [@CR106]\]Adaptive immunity  Decreased thymic function✓\[[@CR107]\]  Contraction of T cell repertoire✓\[[@CR108]\]  Expansion in late-differentiated CD28^−^ T cells✓✓✓✓✓\[[@CR15], [@CR28], [@CR29], [@CR52], [@CR82]\]  Expansion of T~EMRA~ cells✓✓\[[@CR17], [@CR31]\]  Expansion of regulatory T cells (FoxP3+)✓✓\[[@CR54], [@CR109]\]  Increased CMV serology✓✓✓✓\[[@CR52], [@CR110]--[@CR113]\]  Increased plasma autoantibodies✓✓✓\[[@CR44], [@CR114]--[@CR116]\]Abbreviations: *CMV*, cytomegalovirus; *FoxP3*, forkhead box P3; *T*~*EMRA*~, effector memory T cells re-expressing CD45RA

Not surprisingly, immunosenescence and SASP have been observed in older adults and during the developmental course of many immune-mediated conditions. Age-related diseases such as neurodegenerative diseases, RA, CVD, metabolic disorders, and cancer share common features of immunosenescence. Adverse effects of chronic low-grade inflammation increase the risk for the early appearance of diseases associated with age, suggesting that both aging and chronic (immune-mediated) diseases are interconnected states with common characteristics. A causal association between regulation of the immune response, induction of immunosenescence, and lifespan in humans remains elusive. Defining disease-specific signaling pathways that regulate the immune response towards immunosenescence is an important milestone for defining the role of immunosenescence in chronic diseases. In this way, it is important to intervene more quickly and multidimensionally with novel preventive and therapeutic approaches. The study of immunosenescence can bring viable solutions for the prevention and treatment of age-related diseases as well as to increase the healthspan of elderly populations.
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